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Description 

[0001] This invention relates to rate matching and channel interleaving for a communications system. 

5 Background of the Invention 

[0002] It is well known to perform interleaving of data in a communications system using forward error correction 
(FEC) in order, on deinterleaving, to distribute errors to facilitate their correction. Typically, such interleaving uses a 
block interieaver to interleave blocks of data. So-called turbo coding (parallel concatenated convolutional coding) uses 
10 an interieaver between inputs to two convolutional coders which produce respective parity bits from the input data 
before and after interleaving. With increasing attention being given to the use of turbo coding, particularly in wireless 
communications systems, attention has also been given to the form of the interieaver. 

[0003] So-called 3rd generation CDMA (code division multiple access) wireless communications systems are also 
being developed which require a channel or inter-frame interieaver which operates to interleave or permute data in 

15 blocks corresponding to the radio frame duration, typically 10 ms. In such systems the channel interieaver either pre- 
cedes or follows a rate matching function which serves to match various data rates to the radio frame rate, and which 
typically involves puncturing (omission) or repetition of data symbols, in this case data bits (see UMTS: "UTRAN; UTRA 
FDD, multiplexing, channel coding and interleaving description (UMTS XX.04 version 1.0.0)", February 1999, ETSI) It 
is desirable to distribute the omitted or repeated bits as evenly as possible, with as great a distance as possible between 

20 punctured or repeated bits in the de-interleaved frames, in a manner that is easy to implement and that is relatively 
independent of variables such as the frame size, number of frames, and puncturing rate. 

[0004] Canadian patent application No. 2,266,283 filed March 19, 1999 in the names of Wen Tong et al., entitled 
"Data Interieaver And Method Of Interleaving Data", describes and claims a method of interleaving data and a data 
interieaver which advantageously can be used to provide the channel interleaving referred to above. The present 
25 invention is concerned with rate matching in a manner which can be used with particular advantage for data after such 
channel interleaving, but which is also applicable to other forms of interleaved data. 

Summary of the Invention 

30 [0005] According to one aspect, this invention provides a method of interleaving and rate matching parallel concate- 
nated convolutional coded data by deletion of coded data bits or by repetition of coded data bits, as set out in claims 
1 and 3. 

[0006] The invention further provides coding, interleaving, and rate matching apparatus arranged to carry out such 
method, as set out in claims 4 and 6. 

35 

Brief Description of the Drawings 

[0007] The invention will be further understood from the following description with reference to the accompanying 
drawings, in which: 

40 

Fig. 1 illustrates a known arrangement for service multiplexing and channel interleaving in a 3rd generation CDMA 
communications system; 

Fig. 2 is a flow chart relating to a known rate matching algorithm; 

45 

Fig. 3 illustrates an implementation of an interieaver and a rate matching arrangement; 

Fig. 4, which is on the same sheet as Fig. 2, is a flow chart relating to shuffling for a second stage of interleaving 
in the arrangement of Fig. 1 ; and 

50 

Fig. 5 illustrates a modification of part of the arrangement of Fig. 1 for channel interleaving and rate matching of 
data encoded by turbo (parallel concatenated convolutional) coding. 

Detailed Description 

55 

[0008] Referring to Fig. 1 , there is illustrated a known arrangement for service multiplexing and channel interleaving 
in a 3rd generation CDMA radio communications system. The arrangement includes a service multiplexer 10 which 
serves to multiplex together a plurality of data signal streams, referred to as main stream services or QoS (Quality of 
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Service) channels, which are supplied via respective service blocks 12 only one of which is illustrated. Each service 
block 12 is supplied at inputs 14 with a plurality of constituent input signals, which may for example comprise any of 
various types of signals such as voice, data, and multi-media signals. These input signals may have arbitrary trans- 
mission rates, frame sizes, and other parameters. The input signals have CRC (cyclic redundancy check) codes added 
5 in blocks 1 6 and are multiplexed together in a transport channel multiplexer 1 8. The multiplexed signals are segmented , 
for encoding, in a segmentation block 20, and the segmented signals are subjected to FEC (forward error correction) 
coding in FEC blocks 22. The encoded signals are multiplexed in a multiplexer 24. 

[0009] The multiplexed signals are subjected to rate matching (puncturing (deletion) of redundant data symbols (bits) 
or repetition of data symbols (bits)) in a block 26 to match the data rate to the radio communications rate (air rate) with 

10 radio frames of 10 ms duration. Primarily in order to separate adjacent bits to reduce the adverse effects of errors due 
to fading in the radio channel, the data bits are interleaved in a first interleaver 28, which is referred to as a channel 
or inter-frame interleaver because it operates to permute blocks each of 10 ms of data bits. Although in Fig. 1 the 
interleaver 28 is shown following the rate matching block 26, as discussed further below the positions of these functions 
may be interchanged, the multiplexed signals from the multiplexer 24 being supplied to the channel interleaver 28, and 

15 the interleaved signals from the interleaver being supplied to the rate matching block 26. For example, these functions 
may be in the order shown in Fig. 1 for downlink transmission of signals from a central station, and may be in the 
reversed order for uplink transmission of signals to the central station. 

[0010] Following the functions 26 and 28, the resulting rate matched and interleaved signals are segmented for radio 
frames and physical channels in segmentation blocks 30 and 32 respectively to produce the signals for multiplexing 
20 by the multiplexer 10. Signals output by the multiplexer 10 are interleaved by a second interleaver 34 the outputs of 
which are segmented and mapped to dedicated physical channels in a segmentation and mapping block 36 for com- 
munications via a CDMA radio communications path in known manner. 

[001 1] The first interleaver 28 can have a performance that is sufficiently good to enable the second interleaver 34 
to be omitted or reduced to a simple shuffling operation, for example as described below. This is desirable in particular 

25 because otherwise the second interleaver 34 has the potential to degrade the interleaving performed by each first 
interleaver 28, whereas each first interleaver 28 can be optimized for its particular rate matched data stream and QoS. 
[0012] Accordingly, the first interleaver 28 is implemented as an algebraic interleaver providing a good random 
spreading property. The multiple encoded bit blocks or data transport frames for each QoS channel are mapped into 
a 2-dimensional matrix and are subjected to linear congruential rules to permute the rows and columns of the matrix 

30 to implement the interleaving function. A maximum interleaving depth and time span can be determined by searching 
a set of best parameters. The interleaver consequently has a relatively simple form without disadvantages of known 
interleaves, such as requiring large memory sizes for look-up tables or inadequately accommodating the rate matching 
function. 

[0013] Although the following description refers to rows and columns of a matrix, it should be understood that this is 
35 for convenience and clarity, that the rows and columns can be interchanged without changing the function of the inter- 
leaver, and that in practice and as described below the interleaver can operate by equivalent control of read or write 
addressing of memory locations of a linear memory in which data bits are stored, without any actual movement of the 
stored bits among the memory locations. 

[0014] The interleaver 26 as described in the patent application referred to above operates to implement the following 
40 three steps: 

1 . Represent a number N c of encoded blocks of data bits each of length N r data bits as a matrix of N r rows and 
N c columns. 

45 2. Permute the rows and columns of the matrix in accordance with: 

Row Permutation 

M l r (k)=[<x r k+f c (l)]modN r 

Column Permutation 

55 l c (1)=[a c l+f r (k)]modN c 

where l r (k) represents a data bit with a row index k, k is an integer from 1 to N r , a,, is a row permutation parameter 
and is an integer, f c (l) is a positive function of a column index I, I is an integer from 1 to N c , l c (l) represents a data 
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bit with the column index I, is a column permutation parameter and is an integer, f^k) is a positive function of 
the row index k, and modN r and modN c represent modulo-N r and modulo-N c arithmetic respectively. 

3. Derive interleaved data bits from the matrix column by column. 

5 

[0015] Step 1 can be slightly modified to accommodate different numbers of data transport frames with a given 
number of columns of the matrix. For example the matrix can have N c =8 columns for N^y data transport frames where 
7=1 , 2, 4, or 8, the matrix having N/y rows accordingly, with a consequent modification of step 3 to read out y columns 
of the matrix per radio frame accordingly. For simplicity in the description below, it is assumed that y=1 with N c =8. 

w [0016] For step 2, the row permutation parameter <x r is chosen to be the largest prime number less than L N,/log2 
(log 2 (N r ))j, the column permutation parameter cc c is chosen to be the largest prime number less than L N<J, the function 
f c (1)=ml+[N r +1]mod2, where m is an integer equal to r N^N^, and the function f r (k)=2k+[N c +1]mod2. The symbols L 
J refer to rounding down to an integer, and the symbols r 1 refer to rounding up to an integer. It can be appreciated 
that [N r +1]mod2 is zero when N r is odd and is one when N r is even, and that [N c +1]mod2 is zero when N c is odd and 

15 is one when N c is even, so that these parts of the functions f c (l) and f r (k) are simply the addition of one when the 
respective number N r or N c is even. 

[0017] As indicated above, the rate matching punctures (deletes) redundant data bits (which are present as a result 
of the FEC encoding blocks 22) in the event that the data transport frame size is larger than the radio frame size, a 
maximum puncturing ratio being 20% of the transport frame size. Conversely, if the data transport frame size is smaller 
20 than the radio frame size, bits of the transport frame are repeated to achieve the rate matching. The rate matching is 
desired as far as possible to maximize the separation distances between the punctured bits and to equalize the number 
of punctured bits in each radio frame, i.e. to distribute the punctured bits uniformly among the radio frames with max- 
imum separation. 

[001 8] In the case where the rate matching block 26 precedes the channel interieaver 28 as shown in Fig. 1 , a known 

25 rate matching method as shown in Fig. 2 can be used. 

[0019] Referring to Fig. 2, for each radio frame of segmentation size Nj bits, in a block 40 an integer y is determined 
as y=N r -Nj , y being greater than zero (positive) in the event that puncturing is required, being less than zero (negative) 
in the event that repetition of |y| bits is required, and being zero if no puncturing or repetition is required, a stop block 
41 being reached in the latter event. As the steps shown in Fig. 2 are substantially the same for bit repetition (y<0, 

30 shown at the right in Fig. 2) as for puncturing (y>0, shown at the left in Fig. 2), except for the use of |y| and repetition 
instead of y and puncturing, only the case of puncturing is described in detail below. 

[0020] If y>0, puncturing of y of the N r bits of the transport frame is required to produce the N { bits of the radio frame. 
In this case in a block 42 a parameter e is initialized to a starting ofFset e os which is determined in any desired manner 
for the particular radio frame, and a row counter r is initialized to 1 . In a block 43, it is determined whether r<N r and, if 

35 so, in a block 44 the value of e is reduced by 2y. In a subsequent decision block 45 it is determined whether e<0, and 
if so the bit in the row r is punctured at a block 46, the value of e is increased by 2N r in a block 47, the row counter r 
is increased by 1 in a block 48, and a return is made to the decision block 43. A negative decision at the block 45 (i. 
e. e>0) results in a return to the block 43 via the block 48 to increment the row counter r without any puncturing or 
change in the value of e. A negative decision at the block 43 (i.e. r>N r ) indicates that the end of the frame has been 

40 reached, and accordingly the sequence ends at the stop block 41 . 

[0021] However, in the case where the rate matching block 26 follows the channel interieaver 28, the rate matching 
is carried out on the permuted (interleaved) bit stream and the problem of rate matching is considerably more compli- 
cated. Generally, the requirements of the channel interleaving and rate matching processes are not consistent. 
[0022] More particularly, the design of an appropriate, and desirably optimized, rate matching pattern of punctured 

45 or repeated bits within the matrix of bits after the channel interleaving process represents a very complex or impractical 
task. This invention avoids this problem by providing an appropriate, and desirably optimized, rate matching pattern 
of punctured or repeated bits for the matrix before interleaving, and using a de-interleaving or decoding process to 
determine corresponding bits to be punctured or repeated at the output of the channel interieaver. This process is 
facilitated by the fact that the de-interleaving, or decoding, process can be implemented by exactly the same structure 

50 as the interleaving process, as further described below. For convenience and clarity, the following description refers 
to the matrix of bits before interleaving (or after de-interleaving) as the natural matrix NM, and to the matrix of bits after 
interleaving as the randomized matrix RM. 

[0023] Fig. 3 illustrates an implementation of a channel interieaver 28 and rate matching block 26. As illustrated in 
Fig. 3, the interieaver 26 includes a working memory 50 with two halves, alternately used in known manner for writing 
55 into and reading from the memory, each for storing the N r N c data bits represented in the matrix as described above, 
these data bits being written into the memory linearly corresponding to the row-by-row organization of the matrix. A 
modu!o-N r row counter 51 is responsive to a clock signal CLK to provide a count representing the row index k, and a 
carry output of this counter 51 is supplied to a modulo-N c column counter 52 to provide a count representing the column 
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index 1 . The counts k and 1 of the counters 51 and 52 are supplied to an address encoder 53 shown within a dashed 
line box in Fig. 3. More specifically, the count of the column counter 53 is supplied to multipliers 54 and 55 which are 
also supplied with the parameters <x c and m respectively to produce products representing c^l and ml respectively, and 
the count of the row counter 51 is supplied to multipliers 56 and 57 which are also supplied with the integer 2 and the 

5 parameter a, respectively to produce products representing 2k and respectively. An adder 58 adds the outputs of 
the multipliers 54 and 56 and selectively adds 1 or 0 depending upon whether N c is even or odd respectively, and the 
output of the adder 58 is reduced to modulo-N c form by a modulo function 59 to complete the column permutation 
function described above. An adder 60 adds the outputs of the multipliers 55 and 57 and selectively adds 1 or 0 
depending upon whether N r is even or odd respectively, and the output of the adder 60 is reduced to modulo-N r form 

10 by a modulo function 61 to complete the row permutation function described above. Each of the modulo functions 59 
and 61 can comprise comparison and subtraction functions. Outputs of the functions 59 and 61 are combined in a read 
address combiner 62 to produce an address for reading the respective data bit in its interleaved sequence from the 
memory 50. As illustrated in Fig. 3, the read address is supplied to the memory 50 via a switch 63 which is provided 
as described below. 

15 [0024] If the number of rows N r is a power of two, then the address combiner 62 can simply combine the output of 
the modulo function 61 as the least significant bits, and the output of the modulo function 59 as the most significant 
bits, of the read address for the memory 50; equivalently the output of the function 61 is added by the address combiner 
62 to N r times the output of the function 59. 

[0025] It may be desired to interleave data bits in arbitrary-sized frames that are not an integer multiple of N c . In this 

20 case, the number of rows of the matrix is selected to accommodate all of the data bits to be interleaved, and the last 
few (less than N c ) memory locations in the working memory 50 are not written into. In order to omit the data bits of 
these memory locations from the interleaved data bits, the interleaver 28 of Fig. 3 also includes a decoder 64 which 
detects these memory locations in the read address output of the address combiner 62, and upon such detection opens 
the switch 63 to prevent reading of data from the memory 50 in respect of these locations. In order to provide a constant 

25 data output rate of the interleaved data bits from the memory 50, the interleaver 28 of Fig. 3 further includes a FIFO 
(first-in, first-out) memory 65, clocked by the clock signal CLK, via which the interleaved data bits are supplied to an 
output line 66 of the interleaver, the FIFO 65 being pre-filled at the start of each interleaving operation and having a 
size (e.g. up to N c ) sufficient to allow for the non-read, and hence omitted, memory locations. 
[0026] The interleaved data bits on the line 66 are supplied to the rate matching block or function 26 also illustrated 

30 in Fig. 3. This rate matching function comprises a rate matching address generator 70 which is also supplied with the 
clock signal CLK, an address separator 71 , an address decoder 72, a buffer or store 73, comparators 74, and a data 
bit selector 75 providing a rate matched data output on a line 76. Similarly to the provision of the FIFO 65 for providing 
a constant data bit rate output of the interleaver 28, the rate matching function 26 may also include a FIFO or other 
buffer (not shown) for providing a constant rate of data bits from the output line 76. 

35 [0027] The rate matching address generator 70 generates at its output, as described further below, the address in 
the natural matrix NM of each punctured or repeated bit in accordance with the puncturing or repetition pattern which 
is determined for this process. This address is separated into most significant and least significant components by the 
address separator 71, whose operation is inverse to that of the read address combiner 62 described above. Thus if 
the number of rows N r is a power of two, then the address separator 71 can simply separate the address bits output 

40 by the generator 70 into most significant bits and least significant bits; equivalently the address from the generator 70 
is divided by N r to produce an integer quotient and a remainder which constitute the two outputs of the address separator 
71. 

[0028] The address decoder 72 performs the inverse function of the address encoder 53. As indicated above, with 
the algebraic interleaving process described herein the structure of the de-interleaver can be exactly the same as the 

45 structure of the interleaver, and correspondingly the address decoder 72 is exactly the same as the address encoder 
53. Accordingly, the detailed structure of the address decoder 72 is not illustrated in Fig. 3, it being identical to the 
structure of the address encoder 53 as shown in Fig. 3. It can be appreciated that this same-structure characteristic 
of the complementary operations for interleaving and de-interleaving provides a substantial advantage and simplifica- 
tion in implementing these functions. 

50 [0029] The outputs of the address decoder 72 are buffered in the store 73, and the buffered outputs from the store 
are compared in the comparators 74 with the current counts k and I of the row counter 51 and column counter 52 
respectively of the channel interleaver 28, to provide a selector control signal on a line 77 with a predetermined state 
when the compared values are the same. The selector control signal is thus produced on the line 77 with this state at 
each time that a bit on the line 66 is to be punctured or repeated. At other times, for bits which are not punctured or 

55 repeated, the control signal on the line 77 controls the selector 75 to supply to its output line 76, synchronously as 
determined by the clock signal CLK, a bit from the line 66 supplied to a middle one (as shown in Fig. 3) of three inputs 
of the selector 75. At the time of each bit to be repeated or punctured, the control signal on the line 77 instead controls 
the selector 75 to supply to its output line a bit from either its upper input or its lower input (as shown in Fig. 3), depending 
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upon whether bits are to be repeated or punctured respectively, as determined by a further control input P/R to the 
selector 75. The upper input of the selector 75 is connected to the output line 76 to provide for bit repetition, and the 
lower input of the selector 75 is illustrated as having no connection to provide for bit puncturing. As indicated above, 
a constant output data bit rate for the interleaved and rate matched data bits is provided by a buffer (not shown) to 

5 which data bits on the output line 76 are supplied. 

[0030] Because of the address decoding provided by the decoder 72 in the rate matching function 26, the rate match- 
ing address generator 70 can simply determine the desired pattern of punctured or repeated bits in terms of the normal 
matrix addresses in the manner described above with reference to Fig. 2, using the single parameter e os determined 
in a desired manner to optimize this pattern. For example, this parameter could be determined by an equation such 

10 as e os =[2py+1]mod2N r , where as described above y is the number of bits to be punctured or repeated for each column 
of the matrix, and p is a column index from 0 to 7 (for the case of Nc=8). 

[0031] This example, with interleaving as described above of 8 data transport frames each of 10 bits, and requiring 
a maximum puncturing ratio of 20% to produce channel interleaved and rate matched radio frames each of 8 bits (a 
total of 1 6 out of 80 bits being punctured or deleted), is further illustrated by the following Tables 1,2, and 3. Thus N c =8 
15 and N r =10. Table 1 illustrates entry of the 80 data bits, numbered 0 to 79, row by row in a 10 by 8 natural matrix with 
the row index k from 1 to 10 and the column index 1 from 1 to 8: 
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[0032] The channel interleaving as described above produces a randomized matrix as shown by the following Table 2: 

Table 2 
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[0033] The rate matching as described above then punctures 16 bits, 2 from each column of the randomized matrix, 
in a pattern produced by the rate matching algorithm to give a punctured randomized matrix as shown by the following 
Table 3: 



Table 3 
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[0034] The channel interleaved and rate matched data bits are derived column by column from Table 3, i.e., with the 

order [57, 35 51, 7, 67, 40 26, 4]. The punctured bits are 2, 9, 11, 16, 25, 29, 31, 32, 34, 38, 47, 54, 61, 64, 68, 

and 75, for which the maximum puncture distance is 9 (25 - 16) and the minimum puncture distance is 1 (32-31 ); this 
small minimum puncture distance indicates that this particular example is not optimum, a larger minimum puncture 
distance being desirable. It can be appreciated that numerous other determinations of the parameters, and in particular 
of the parameter e os , can be provided to optimize the puncturing process. 

[0035] As indicated above, it is desirable for operation of the second interleaver 34 not to degrade the performance 
achieved as a result of the first interleaver 28, and to this end it is advantageous for the second interleaver 34 to be 
reduced to a simple shuffling operation, which interleaves data streams with different QoS while retaining the spreading 
properties achieved by the first interleaver 28 for each QoS data stream. 

[0036] Fig. 4 shows a flow chart of a bit shuffling algorithm which can be used advantageously to interleave bits of 
two data streams of interleaved radio frames provided as described above from respective service blocks 12 provided 
via the service multiplexer 10 in Fig. 1. Denoting one stream TQ 1 having frames of bits and a second stream TQ 2 
having frames of N 2 bits, with N 1 >N 2 , Fig. 4 illustrates how bits of the stream TQ 2 are inserted into the stream TQ V 
[0037] Referring to Fig. 4, initially in a block 82 a parameter e is initialized to N 1 and a counter r is initialized to 1 . In 
a block 83, it is determined whether r<N 1 and, if so, in a block 84 the value of e is reduced by 2N 2 . In a subsequent 
decision block 85 it is determined whether e<0, and if so at a block 86 the next bit in the stream TQ 2 is inserted into 
the stream TQ lf the value of e is increased by 2N 1 in a block 87, the counter r is increased by 1 in a block 88, and a 
return is made to the decision block 83. A negative decision at the block 85 (i.e. e>0) results in a return to the block 
83 via the block 88 to increment the counter r without any bit insertion or change in the value of e. A negative decision 
at the block 83 (i.e. r>H^) indicates that the end of the frame has been reached, and accordingly the sequence ends 
at a stop block 81. 

[0038] For more than two data streams, the same process is applied recursively for the successive data streams. It 
can be appreciated from the above description and the illustration in Fig. 4 that the steps of this process have a direct 
correlation with the steps of the puncturing and repetition processes of Fig. 2, so that implementation of this recursive 
shuffling process can be particularly convenient. 

[0039] As indicated above, the puncturing of bits to achieve the desired rate matching is applied to data bits which 
have redundancy due to the FEC encoding provided by the encoders 22. One preferred form of encoding is so-called 
turbo (parallel concatenated conventional) coding, in which the encoded data bits comprise the input data bits them- 
selves, referred to as systematic data bits S, and parity bits P1 and P2 provided by convolutional coders operating on 
the input data bits and on interleaved input data bits. The parity bits P1 and P2 are typically punctured within the turbo 
coder to provide a desired rate turbo coder. For encoders 22 constituted by turbo coders, it is necessary to ensure that 
the subsequent rate matching function 26 does not puncture any of the systematic bits S, but only the parity bits P1 
and/or P2. In the case of repetition, it has been determined that repetition of the parity bits P1 and P2 by a factor of 
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the order of 2 or 3 times the repetition of the systematic bits S provides a performance gain. 
[0040] To these ends, Fig. 5 illustrates a modification of part of the arrangement of Fig. 1 for channel interleaving 
and rate matching of data encoded by turbo coding. Referring to Fig. 5, a turbo coder constituting one of the FEC 
encoders 22 is shown within a dashed line box 90 and, as is well known, comprises a turbo code interleaver 91 which 
5 interleaves input data bits, and two convolutional coders 92 which operate on the input data bits before and after 
interleaving to produce parity bits P1 and P2, the input data bits also being supplied to the coder outputs as systematic 
bits S. A puncturing block, not shown, may also be present to select only some of the parity bits P1 and P2 for supply 
to the coder outputs. 

[0041] Instead of a single channel interleaver as described above, Fig. 5 illustrates that individual channel interleaves 
10 93 are provided for the systematic bit stream and the parity bit stream. As shown in Fig. 5, there are three channel 
interleaves 93, but it can be appreciated that the streams of parity bits P1 and P2 can be combined and interleaved 
together, so that only two channel interleaves are provided, one for the systematic bit stream and the other for the 
parity bit stream. Further inputs to the channel interleavers 93 in Fig. 5 indicate the multiplexing of systematic and 
parity bit streams, respectively, for multiple channels, corresponding to the multiplexer 24 in Fig. 1. 
15 [0042] The rate matching function, which follows the channel interleaves 93, is shown within a dashed line box 94. 
A puncturing function 95 is applied only to the channel-interleaved parity bit streams, whereas a repetition function 96 
can be provided to the parity and systematic bit streams, a selector 97 being illustrated to couple the channel-interleaved 
bits accordingly. The puncturing and repetition can be as described above. It can be appreciated that the illustration 
in Fig. 5 in this respect is intended diagrammatically to represent the principle that puncturing is not applied to the 
20 systematic bits, rather than showing an actual implementation of the rate matching function. It can be appreciated, for 
example, that puncturing or repetition, as required, could be applied only to the parity bit streams to provide the desired 
rate matching, without any puncturing or repetition of the systematic bit stream. 

[0043] Although the above description refes to separate functions and units for the various processes described 
herein, it can be appreciated that these can in many cases be implemented using functions of one or more digital signal 
25 processors or other integrated circuits. 

[0044] Although particular embodiments and examples of the invention have been described above, it can be ap- 
preciated that numerous modifications, variations, and adaptations may be made without departing from the scope of 
the invention as defined in the claims. 

30 

Claims 

1. A method of interleaving and rate matching parallel concatenated convolutional coded data bits, comprising the 
steps of interleaving the coded data bits, and rate matching the interleaved coded data bits by puncturing some 

35 of the coded data bits, wherein the coded data bits comprise systematic bits (S) and parity bits (P1 , P2), charac- 

terized in that a plurality of separate streams, including a fist interleaved bit stream containing said systematic 
bits and at least one second interleaved bit stream containing at least some of said parity bits, are provided for 
the rate matching step, and in that the rate matching step comprises puncturing bits only from the at least one 
second interleaved bit stream. 

40 

2. The method as claimed in claim 1 , wherein two second interleaved bit streams containing parity bits are produced 
in the interleaving step, and the rate matching step comprises puncturing parity bits from both second interleaved 
bit streams. 

45 3. A method of interleaving and rate matching parallel concatenated convolutional coded data bits, comprising the 
steps of interleaving the coded data bits, and rate matching the interleaved coded data bits by repeating some of 
the coded data bits, wherein the coded data bits comprise systematic bits (S) and parity bits (P1 , P2), characterized 
in that a plurality of separate streams, including a fist interleaved bit stream containing said systematic bits and 
at least one second interleaved bit stream containing at least some of said parity bits, are provided for the rate 

50 matching step, and in that the rate matching step comprises repeating parity bits of the at least one second inter- 

leaved bit stream with a greater repetition factor than any repetition of systematic bits of the fist interleaved bit 
stream. 

4. An apparatus for interleaving and rate matching parallel concatenated convolutional coded data bits, comprising 
55 interleaving means (93) for interleaving the coded data bits, and rate matching means (94) for puncturing some 

of the interleaved coded data bits, wherein the coded data bits comprise systematic bits (S) and parity bits (P1, 
P2), characterized in that the rate matching means are arranged to receive a plurality of separate streams in- 
cluding a fist interleaved bit stream containing said systematic bits and at least one second interleaved bit stream 
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containing at least some of said parity bits, and to puncture bits only from the at least one second interleaved bit 
stream. 

5. The apparatus as claimed in claim 4, wherein the interleaving means (93) are arranged to produce two second 
5 interleaved bit streams containing parity bits, and the rate matching means (94) are arranged to puncture parity 

bits from both second interleaved bit streams. 

6. An apparatus for interleaving and rate matching parallel concatenated convolutional coded data bits, comprising 
interleaving means (93) for interleaving the coded data bits, and rate matching means (94) for repeating some of 

10 the interleaved coded data bits, wherein the coded data bits comprise systematic bits (S) and parity bits (P1 , P2), 

characterized in that the rate matching means are arranged to receive a plurality of separate streams including 
a first interleaved bit stream containing said systematic bits and at least one second interleaved bit stream con- 
taining at least some of said parity bits, and to repeat parity bits of the at least one second interleaved bit stream 
with a greater repetition factor than any repetition of systematic bits of the first interleaved bit stream. 

15 

Patentanspruche 

1. Verfahren der Verschrankung und Ratenanpassung parallel verknupfter faltungskodierter Datenbits, umfassend 
20 die Schritte der Verschrankung der kodierten Datenbits und der Ratenanpassung der verschrankten kodierten 

Datenbits durch Punktierung einiger der kodierten Datenbits, wobei die kodierten Datenbits systematische Bits 
(S) und Paritatsbits (P1, 92) umfassen, 
dadurch gekennzeichnet, dass 

eine Vielzahl von getrennten Stromen fur den Ratenanpassungsschritt bereit gestellt werden, die einen ersten 
25 verschrankten Bitstrom, der die systematischen Bits enthalt, und wenigstens einen zweiten verschrankten Bitstrom 

umfassen, der wenigstens einige der Paritatsbits enthalt, und dass der Ratenanpassungsschritt die Punktierung 
von Bits aus nur dem wenigstens einen zweiten verschrankten Bitstrom umfasst. 

2. Verfahren gemafi Anspruch 1 , 
30 dadurch gekennzeichnet, dass 

zwei zweite verschrankte Bitstrome, die Paritatsbits enthalten, in dem Verschrankungsschritt erzeugt werden und 
dass der Ratenanpassungsschritt die Punktierung von Paritatsbits aus beiden zweiten verschrankten Bitstromen 
umfasst. 

35 3. Verfahren der Verschrankung und Ratenanpassung parallel verknupfter faltungskodierter Datenbits, umfassend 
die Schritte der Verschrankung der kodierten Datenbits und der Ratenanpassung der verschrankten kodierten 
Datenbits durch Wiederholung einiger der kodierten Datenbits, wobei die kodierten Datenbits systematische Bits 
(S) und Paritatsbits (P1, P2) umfassen, 
dadurch gekennzeichnet, dass 

to eine Vielzahl von getrennten StrSmen fur den Ratenanpassungsschritt bereit gestellt werden, die einen ersten 

verschrankten Bitsstrom, der die systematischen Bits enthalt, und wenigstens einen zweiten verschrankten Bits- 
strom umfassen, der wenigstens einige der Paritatsbits enthalt, und dass der Ratenanpassungsschritt die Wie- 
derholung von Paritatsbits des wenigstens einen zweiten verschrankten Bitstroms mit einem grolieren Wiederho- 
lungsfaktor als irgendeine Wiederholung von systematischen Bits des ersten verschrankten Datenstroms umfasst. 

45 

4. Vorrichtung zur Verschrankung und Ratenanpassung parallel verknQpfter faltungskodierter Datenbits, umfassend 
Verschrankungsmittel (93) zur Verschrankung der kodierten Datenbits und Ratenanpassungsmittel (94) zur Punk- 
tierung einiger der verschrankten kodierten Datenbits, wobei die kodierten Datenbits systematische Bits (S) und 
Paritatsbits (P1, P2) umfassen, 

so dadurch gekennzeichnet, dass 

die Ratenanpassungsmittel eingerichtet sind, eine Vielzahl von verschiedenen Str6men zu empfangen, die einen 
ersten verschrankten Bitstrom, der die systematischen Bits enthalt, und wenigstens einen zweiten verschrankten 
Bitstrom beinhalten, der wenigstens einige der Paritatsbits enthalt, und Bits aus nur dem wenigstens einen zweiten 
verschrankten Datenstrom zu punktieren. 

55 

5. Vorrichtung gemaii Anspruch 4, 
dadurch gekennzeichnet, dass 

die Verschrankungsmittel (93) eingerichtet sind, zwei zweite verschrankte Bitstrdme zu erzeugen, die Paritatsbits 
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enthalten, und dass die Ratenanpassungsmittel (94) eingerichtet sind, Paritatsbits aus beiden zweiten verschrMnk- 
ten Bitstromen zu punktieren. 

6. Vorrichtung zur Verschrankung und Ratenanpassung parallel verknupfter faltungskodierter Datenbits, umfassend 
5 VerschrSnkungsmittel (93) zur Verschrankung der kodierten Datenbits und Ratenanpassungsmittel (94) zur Wie- 

derholung einiger der verschrankten kodierten Datenbits, wobei die kodierten Datenbits systematische Bits (S) 
und Paritatsbits (P1, P2) umfassen, 
dadurch gekennzeichnet dass, 

die Ratenanpassungsmittel eingerichtet sind, eine Vielzahl von getrennten StrGmen zu empfangen, die einen er- 
10 sten verschrankten Bitstrom, der die systematischen Bits enthalt, und wenigstens einen zweiten verschrankten 

Bitstrom beinhalten, der wenigstens einige der Paritatsbits enthalt, und Paritatsbits des wenigstens einen zweiten 
verschrankten Bitstroms mit einem grolieren Wiederholungsfaktor als irgendeine Wiederholung von systemati- 
schen Bits des ersten verschrankten Datenstroms zu wiederholen. 

15 

Revendications 

1 . Precede d'entrelacement et d'adaptation de debit de bits de donn6es codes par des codes convolutifs paralieies 
concatenes, comprenant les etapes consistant a entrelacer les bits de donnees codes, et a adapter le debit des 

20 bits de donnees codes entrelaces en poingonnant certains des bits de donnees codes, les bits de donnees codes 

comprenant des bits systematiques (S) et des bits de parity (P1 , P2), caracterise en ce que plusieurs flux s§pares, 
comprenant un premier flux de bits entrelaces contenant lesdits bits systematiques et au moins un deuxieme flux 
de bits entrelaces contenant au moins certains des bits de parity, sont fournis pour I'etape d'adaptation de debit, 
et en ce que I'etape d'adaptation de debit comporte un poingonnage de bits seulement dans ledit au moins un 

25 deuxieme flux de bits entrelaces. 

2. Procede selon la revendication 1 , dans lequel deux seconds flux de bits entrelaces contenant des bits de parity 
sont produits a I'etape d'entrelacement, et I'etape d'adaptation de debit comporte le poingonnage de bits de parity 
dans les deux seconds flux de bits entrelaces. 

30 

3. Procede d'entrelacement et d'adaptation de debit de bits de donnees codes par des codes convolutifs paralieies 
concatenes, comprenant les Stapes consistant a entrelacer les bits de donnees codes et a adapter le debit des 
bits de donnees codes entrelaces en r6p6tant certains des bits de donnees codes, les bits de donnees codes 
comprenant des bits systematiques (S) et des bits de parity (P1 , P2), caracterise en ce que plusieurs flux separes, 

35 comprenant un premier flux de bits entrelaces contenant lesdits bits systematiques et au moins un second flux de 

bits entrelaces contenant au moins certains desdits bits de parite, sont fournis pour I'etape d'adaptation de debit, 
et en ce que I'etape d'adaptation de debit comporte une repetition de bits de parite dudit au moins un second flux 
de bits entrelaces avec un facteur de repetition plus grand que toute repetition de bits systematiques du premier 
flux de bits entrelaces. 

40 

4. Dispositif pour entrelacer et adapter le debit de bits de donnees codes par des codes convolutifs paralieies con- 
catenas, comprenant des moyens d'entrelacement (93) pour entrelacer les bits de donnees codes, et des moyens 
d'adaptation de debit (94) pour poingonner certains des bits de donnees codes entrelaces, les bits de donnees 
codes comprenant des bits systematiques (S) et des bits de parite (P1, P2), caracterise en ce que les moyens 

45 d'adaptation de debit sont agenc6s pour recevoir plusieurs flux separes comprenant un premier flux de bits entre- 

laces contenant lesdits bits systematiques et au moins un second flux de bits entrelaces contenant au moins 
certains desdits bits de parite, et pour poingonner des bits seulement dans ledit au moins un second flux de bits 
entrelaces. 

so 5. Dispositif selon la revendication 4, dans lequel les moyens d'entrelacement (93) sont agences pour produire deux 
seconds flux de bits entrelaces contenant des bits de parite, et les moyens d'adaptation de debit (94) sont agences 
pour poingonner des bits de parite dans les deux seconds flux de bits entrelaces. 

6. Dispositif pour entrelacer et adapter le debit de bits de donnees codes par des codes convolutifs paralieies con- 
55 catenes, comprenant des moyens d'entrelacement (93) pour entrelacer les bits de donnees codes et des moyens 

(94) d'adaptation de debit pour r6peter certains des bits de donnees codes entrelaces, les bits de donnees codes 
comprenant des bits systematiques (S) et des bits de parite (P1, P2), caracterise en ce que les moyens d'adap- 
tation de debit sont congus pour recevoir plusieurs flux separes comprenant un premier flux de bits entrelaces 
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contenant lesdits bits syst6matiques et au moins un second flux de bits entrelacgs contenant au moins certains 
desdits bits de parity et pour rgpgter des bits de parity dudit au moins un second flux de bits entrelacgs avec un 
facteur de r6p6tition plus grand que toute r6p6tition de bits systematiques du premier flux de bits entrelac£s. 
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